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University of Macau

ABSTRACT

STUDIES OF INTESTINAL PERMEABILITY AND HEPATIC METABOLISM OF
dI-PRAERUPTORIN A AND d-PRAERUPTORIN A IN VITRO

By wang-hui, Jing

Supervisor: Prof. Yi-tao, Wang
Dr. Ru, Yan

Keywords: dl-praeruptorin A; d-praeruptorin A; Caco-2 monolayers; absorption; liver

microsomes; metabolism; enzyme Kinetics

Qian-hu (Radix Peucedani), the dry roots of peucdanum praeruptorum Dunn, has
been used for treatments of certain respiratory disorders such as cough and asthma,
and pulmonary hypertension for centuries. The extract of Qian-hu is able to relax
tracheal and pulmonary arterial preparations. dl-Praeruptorin A (dI-PA) and
d-praeruptorin A (dPA) are two main bioactive constituents of the herb and dI-PA was
also documented as the chemical marker for quality control of Qian-hu in China
Pharmacopoeia. dPA is dextrorotatory enantiomer with two chiral centers, dI-PA is the
racemate of dPA. Modern pharmacologic studies demonstrated that both dI-PA and
dPA exhibited strong bioactivities, espeacially the cardiovascular protective effect.
Recently, one literature reported that dPA showed more potent relaxation than its
antipode I-praeruptoin A (IPA) on phenylephrine-induced contraction of rat isolated
aortic rings with intact endothelium. However, there is no pharmacokinetics report on
Qian-hu or its main bioactive constituents, thus the pharmacokinetic basis of the
actions of the herb remains to be addressed. The present study aims to elucidate the
intestinal transport mechanism as well as the hepatic metabolic stability of dI-PA and
dPA using in vitro models, which will help to understand the in vivo fates of the main
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constituents of the herb and provide important information for a systemic
pharmacokinetic evaluation of Qian-hu ongoing in our laboraboratory. In addition, the
present study provides preliminary data on chiral discrimination, if any, in ADME

properties by comparing in vitro absorption and metabolism of dI-PA and dPA..

The bi-directional transports of dI-PA and d-PA were studied in the Caco-2 cell
monolayer model and quantified by chiral-HPLC/UV. The identification of the
metabolites which were generated in the caco-2 model was carried out by LC-MS/MS.
For the metabolism part, it was investigated by incubation dI-PA and d-PA with
human liver microsomes (HLMs) and rat liver microsomes (RLMs). For comparing
the metabolic stability of dI-PA and dPA and speciesdifference, the generated
metabolites were identified by LC-MS/MS and quantified by HPLC/UV.

The bi-directional transport study showed that both dI-PA and dPA are mainly
transported via transcellular pathway by passive diffusion with the P, > 10°°; there is
no stereoselectivity of dPA and IPA in racemate during the transport process. In
addition, during the transport of dI-PA and dPA, their recoveries were low, esprecially
for dI-PA (60-70%). Further study the bingding ratio of dI-PA, the results showed that
10% non-specific binding to Transwell™ membrane, other 10% irreversible binding
to cellular components during transport were demonstrated to contribute to the loss
with no stereoselectivity binding. In addition, two new metabolites, which have the
same molecular wight but differernt retenteion time, were detected from the
bi-directon transport studies of dI-PA not dPA on Caco-2 monlayer. They were
identified to be the hydrolysis of dI-PA at 4’ position by LC-MS/MS. And further
enzyme inhibition study of dI-PA on the Caco-2 cell monolayers showed that this
metabolism was mediated by hCE-1.

For the in vitro liver metabolism part, either dI-PA or dPA could produce phase |
metabolites. 12 metabolites colud be detected when dI-PA was incubated with RLMs,
and 9 metabolites formed with HLMs. Different with dI-PA, 12 metabolites colud be

detected when dPA was incubated with RLMs, while 6 metabolites formed with
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HLMs. All the metabolites were identified by LC-MS/MS, and the result showed that
all metabolisms occurred at the 3’ and/or 4’ position but not on the coumarin ring,

with oxidation and hydrolysis the two predominant pathways.

Enzyme kinetics of dPA in liver microsomes was studied. M1 which is the major
metabolite of dPA in HLMs was isolated by wet chemistry method and silica gel
column chromatography. A HPLC-MRM method was established for this study.
Further more, the isoenzymes which were involved in the metabolism of dPA was
identified by chemical inhibition, idiosyncratic antibody inhibition and recombinase

screening.

In conclusion, dI-PA and dPA could be readily transported across Caco-2 cell
monolayer by passive diffusion. dI-PA could be metabolized by carboxylesterases in
Caco-2 cells. dI-PA and dPA are subjected to extensive phase I metabolism in liver
microsomes. They separately exhibited the species differences and enantiomers
metabolism differences in the same liver microsomes. Those results could provide
important reference for further studying the in vivo pharmacokinetics of peucdanum

praeruptorum Dunn or dI-PA and dPA.
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AP Apical side TEAITHI
BL Basolateral side A M T
CES carboxylesterase R I B ity
Clint Intrinsic clearance THERR
dI-PA dl-praeruptorin A HAEHT 2
dPA d-praeruptorin A SR IEEDSE S
di-PB dl-praeruptorin B HAERT I 2 %%
dPB d-praeruptorin B HAEATHH T &
dPE d-praeruptorin E HAEHTH E &
DAD Diode Array Detector T ek 71 AR 2
DMSO  Dimethyl Sulfoxide P R
DMEM  Dulbecco’s Modified Eagle’s medium DMEM £;#&4t
ESI Electrospray lonization I 7 BT
FBS Fetal Bovine Serum B IMLiE
HBSS Hanks’ balanced salts Hank ~F- 1 Bl 15
NJE CES-1 FKEFT.
hCE-1 Human carboxylesterase-1
ity
NJ CES-2 FjEF T
hCE-2 Human carboxylesterase-2
My
HLMs Human liver microsomes YN RDEA
HPLC High performance liquid chromatography o R 5
Km Substrate concentration at 1/2 Vmax KB
LC-MS  Liquid chromatography —Mass spectrometry A (05 -2 5t
LOD Limits of detection HaHIER
LOQ Limits of quantification E B R
MTT 3-(4, 5-dimethyl-2-thiazoyl)-2, 5-diphenyl-2H-

tetrazolium bromide

Xl

E
HE
R



WP R EAR - S S

MRP
MS
PBS
P-gp
Papp
RLMs
RSD
sD
TEER
uv

Vmax

Multidrug Resistance-associated Protein
Mass spectrometry

Phosphate buffered saline
P-glycoprotein

Apparent permeability coefficient

Rat liver microsomes

Relative standard deviation

Standard deviation

Transepithelial electrical resistance
Ultraviolet

Maximum enzyme reaction velocity
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